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(54) HYDROMETALLURGICAL PROCESS FOR THE 
PRODUCTION OF COPPER 

(71) We, DUVAL CORPORATION, a Corporation organized and existing under the 
laws of the State of Delaware, United States of America, of, 1906 First City National Bank 
Buildmg, Houston, Texas, United States of America, do hereby declare the invention, for 
which we pray that a patent may be granted to us, and the method by which it is to be performed, 
5 to be particularly described in and by the following statement:— 

This invention relates generally to ahydrometallurgical process for the production of metallic 
copper from copper-containing materials. In particular, this invention is concerned v/ith the 
processing of copper sulfide ore concentrates to avoid the air pollution problems inherent in 
the processing of such material by conventional pyrometallurgical methods. In accordance 
1 0 with this invention, electrolytic-grade metallic copper is produced after processing the copper- 
containing materials with solutions containing metal chlorides. 

The present invention provides a hydrometallurgical process for the production of metallic 
copper wherein there is provided a cyclic system capable of steady state operation comprising:— 

(1) an oxidation stage in which materials containing copper sulfide ore concentrates'are 
15 oxidized in a solution containing ferric chloride and cupric chloride until there is 

substantial solubilization of the copper content of said materials in the form of 
cupric cWdride, " ' 

(2) a reduction stage separate from the oxidation stage in which cupric chloride in the 
solution from the oxidation stage is substantially reduced to cuprous chloride, 

20 (3) an electrolysis stage in which metallic copper is recovered and* cupric chloride is 
regenerated by electrolysis of the cuprous chloride solution from the reduction 
stage, and 

(4) a regeneration-purge stage separate from the reduction and electrolysis stages in 
which the ferrous chloride in the solution from the electrolysis stage is reacted with 
25 oxygen in the presence of the regenerated cupric chloride to regenerate the ferric 

chloride required in the oxidation stage and to precipitate, by hydrolysis, compounds 
including those having the iron-sulfate ratios of jarosite to thereby remove excess 
iron as well as sulfate ions and other impurities present in the solution. 
The use of conventional pyrometallurgical processes in the production of metallic copper 
30 from copper ore concentrates results in the emission of suspended particulate matter and 
sulfur oxides. Of these air contaminants, it has been found that sulfur oxides are much more 
difficuh to control Sulfur oxide emissions result from the smelting of sulfur-bearing materials. 
Although copper exists in various other forms in nature, such as native copper and copper 
oxides, carbonates and silicates, the primary sources of copper exist as low-grade deposits of 
35 copper sulfide ores in which the principal copper mineral is chalcopyrite, and which in most 
instances also contain some iron sulfide. 

In an effort to lower sulfur oxide air pollution, copper companies have initiated research 
programs to develop methods for recovering the sulfur oxides being emitted from copper 
smelters. So far, however, no economical method for reducing sulfur oxide emissions to 
40 acceptable levels has been reported. 

While the copper industry is making an all-out effort to develop an economical method to 
control sulfur oxide emissions, there is an ever-increasing demand from the public for further 
improvement in the quality of the environment. . 
Most proposed methods for controlling sulfur dioxide, the major sulfur oxide contaminant, 
45 contemplate the conversion of sulfur dioxide to sulfuric acid. However, even if an economically 
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the anodes. J he eiectrolysis is so arranged as to deposit at the cathode an amount of copper 
equal to that dissolved into the process^soiution, and which is at the same time no more than 
about one-half of the cuprous copper in ihe eleciroiyte feed solution. This provides for oxi- 
dation at the anodes of the cuprous copper remaining in solution to cupric chloride and avoids 
5 the undesired oxidation of ferrous chloride to ferric chloride in the electrolytic cells. 70 
In the regeneration-purge stage, the ferrous chloride in the spent electrolyte is oxidized 
preferably with air or oxygen to ferric chloride. The cupric ions present in the solution act as a 
catalyst in accelerating the reaction. Any iron dissolved from the ore being leached or other 
excess iron dissolved into the system is automatically precipitated as a basidron oxide. Excess 

10 sulfate ions formed from any oxidation of sulfur are also precipitated with the iron. Other 75 
contaminants are also precipitated with the iron hydrate whereby their concentration in the 
process solution is maintained at an acceptable level. The solution containing the recenerated 
ferric chloride and cupric chloride is recycled to the oxidation stage with or without prior 
removal of the precipitate. 

15 We have also discovered that the regeneration-purge stace and the oxidation stage may SO 
advantageously be combined. 
Throughout the process provisions are made to minimize tlie loss of vapor. 
^In the accompanying drawings. Figure 1 presents a simplified flow diagram of the process 
oi this invention for the treatment of copper containing materials. 

20 Figure 2 diagrammatically presents a stoichiometric molar balance to illustrate the basic 85 

- chemistry of the process of this invention applied to chalcopyritc. 

Figure 3 presents a flow diagram of one embodiment of the process according to this 
mvention. 

Figure 4 is a diagrammatic representation of a portion of the diaphragm-equipped electro- 
2:> lytic cells shown in Figure 3. 9q 

Figure 5 presents in graphical form data obtained from laboratory "loop" tests. 

Figures 6 through 13 present in graphical form pilot plant operating data obtained while 
the pilot plant was operating with the oxidation stage at atmospheric pressure and near 
boiling temperature. 

30 Figures 14 through 20 present in graphical form pilot plant operating data obtained while 95 

the pilot plant was operating with the oxidation stage at 40 psig and 140°C. 
The simplified basic process for the treatment of copper-containing materials will readily 
be understood, from .the diagram of Figure. 1, and the basic chemistry is illustrated by the 

stoichiometric molar balance of Figure 2, as applied to chalcopyrite. For a more complete 
35 description of the preferred embodiments, however, reference should be made to Figure 3 100 

and the following description. 
In the treatment of copper sulfide ore concentrates comprised principally of chalcopyrite. 

the fresh ore concentrates are added to reduction stage 1, step A, through line 2 (Figure 3). 

As used herein, "fresh" or "raw*' refers to copper-containing materials not previously re- 
40 acted with any reagent in the process. Cupric chloride and sodium chloride, along with 105 

ferrous cWoride, are introduced into the reduction stage 1, step A, through line 3, In the 

reduction stage 1, step A, which is closed to the atmosphere, the cupric chloride in the solution 

is substantially reduced to cuprous chloride by reaction with the sulfide ore concentrates at 

near atmospheric boiling temperature, about 107^C. The partially reacted sulfide ore con- 
45 centrates as well as the solution containing some unreduced cupric chloride, the cuprous I lO 

chloride, ferrous chloride and sodium chloride are passed through line 4 to separation device 

5, where the solids are separated from the solution by gravity sedimentation. 
The solution from separator 5 containing cupric chloride, cuprous chloride, ferrous chloride 

and sodium chloride is then passed through line 6 to reduction stage 7, step B. into which is 
50 also passed cement copper through line 8. The cement copper is used to reduce substantially 115 

all the remaining cupric chloride to cuprous chioride at near atmospheric boiling temperature. 

about 107°C. Concurrently, the cement copper is solubilized in the form of cuplrous chloride! 
The solution from reduction stage 7, step B, conta^ining cuprous chloride, ferrous chloride 

and sodium chloride is removed therefrom through line 10 into heat exchanger 11 where the 
55 temperature of the solution is preferably adjusted to about 55°C The solution leaves heat 120 

exchanger 11 through line 12 and then enters a suitable filter 13, such as a sand filter, for the 

removal of any suspended solids. 

: If a. calcium sulfate salt accumulates in the process solution it can be controlled to an ' 
' acceptable level by providing a crystallization step for its removal from the system 

The filtered electrolyte solution then passes through line 14 and enters into electrolytic cells 125 
15. In these cells, which are partitioned with diaphragms, cuprous chloride is electrolvzed to 

- deposit metallic copper at the cathodes and to regenerate cupric chloride at the anodes. 
- Metallic copper together with any silver deposited therewith is removed from the electrolytic 
_ cells 15 at 16. " ; ; 

The solution from the electrolytic cells containing ferrous chloride, sodium chloride and 130 
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The oxidulion stage is advantageously condiicted at an elevated temperature to lower tiie 
reaction time required for substantially complete dissolution of the copper. It is believed that 
at a temperature above the melting point of sulfur but below the temperature at which the 
viscosity of sulfur rises abruptly, i.e., within the range from about 11 S'-'C to about I59°C, 
5 the superheated aqueous solution displaces the molten sulfur from the mineral surfaces, thus 70 
preventing "blinding" and exposing the minerals to contact by the oxidizing solution. The 
preferred temperature range is near the minimum viscosity of sulfur, i.e., about MO^'C to 
about ISO'^C. For example, the desired dissolution of copper in excess of 99% from a chal- 
copyrite concentrate having a typical particle size of about 90% passing 200 mesh has been 

1 0 achieved in thirty minutes at HO^'C. 75 
The oxidation stage may be advantageously conducted at a temperature in the range 
from about 107 to about 159''C We have found that conducting the oxidation stage at 
atmospheric boiling temperature requires extension of the mean reaction time to ten or twelve 
hours to obtain the desired 99% dissolution of copper from typically sized chalcopyrite 

15 concentrates. Thus, from an operating standpoint, the mechanical advantage of atmospheric 80 
pressure can be obtained at the expense of extending the reaction time. 

The first step of the reduction stage of this invention, as mentioned earlier in the specifica- 
tion (also referred to as step A), provides for substantial reduction of the cupric chloride from 
the oxidation stage to cuprous chloride by the use of fresh copper sulfide ore concentrates. In 

20 the recovery of metallic copper by electrolysis, in accordance with the present invention, it is 85 
advantageous to present the copper in solution as cuprous chloride so as to reduce by a factor 
of two the electricity per unit of copper electrolytically precipitated as compared with either 
conventional copper (cupric) sulfate electrolysis or electrolysis of cupric chloride. It is therefore 
one advantage of this invention that substantial reduction of cupric chloride to cuprous 

25 chloride can be effected in the first step of the reduction stage by the use of copper sulfide ore 90 
concentrates. As this simultaneously results in the solubilization of some copper in the ore, 
the amount of ferric chloride needed in the oxidation stage is correspondingly reduced. As 
indicated in Figure 2, approximately 50% of fresh ore is typically reacted in the first step of 
the reduction stage. 

30 Any copper sulfide mineral, such as covellite (CuS), which does no effect the reduction of 95 
cupric chloride will be solubilized in the oxidation stage. 

In reacting cupric chloride from the oxidation stage with chalcopyrite in accordance with 
equation (2) above, we have discovered that the degree of reduction achievable (at least 70%) 
is "limited by" a secondary reaction resulting" in the loss of copper from solution. We believe 

35 on the basis of evidence currently available that a stable form of copper sulfide is precipitated. 1 00 
It has further been discovered that the reaction is temperature sensitive, and that by limiting 
the temperature to atmospheric boiling, about 107°C, the reduction of cupric chloride that is 
possible with minimal or no loss of copper from solution can be obtained in about four hours' 
mean reaction time. Thus it will be understood that limiting the temperature of the reduction 

40 reaction can limit the reaction rate to an extent that permits practical control of the 105 
reaction. 

In the use of sodium chloride to keep the cuprous chloride in solution it has also been 
discovered that the sodium chloride tends to enhance the reduction of cupric to cuprous 
chloride and to retard the oxidation of sulfur. The concentration of sodium chloride in 
45 accordance with this inVeiiti.on is maintained preferably at a level as high as permitted by its 110 
solubihty in the process solution. 

Further reduction of the cupric chloride to cuprous chloride can be achieved with appro- 
priate reducing agents such as sulfur dioxide, sodium sulfite, metallic iron, and materials 
containing metallic copper. To the extent that scrap copper or cement copper is available 
50 economically, its use, obviously, would be advantageous in that this copper is upcraded to 115 
electrolytic grade copper in the electrolysis stage. In fkct, the entire reduction of cupric chloride 
. to cuprous chloride can be accomplished by any of these reducing agents. The extent of use of 
reducing agents which would contribute sulfate to the solution involves careful consideration 
of the rejection of this sulfate in the regeneration-purge stage discussed later in this specification. 
55 In this second step of the reduction stage (also referred to as step B), the temperature at 120 
wliich the reaction- is advantageously conducted will vary according to the specific reducing 
agent used. For example, in using cement copper or metallic iron, a reaction temperature near 
atmospheric boiling (about I07''C) has been found satisfactory. 

In both the oxidation and reduction stages, it has been found preferable to conduct the 
reactions out of contact with the atmosphere to minimize vapor loss, and in the reduction 1 25 
stage to avoid oxidation of cuprous chloride to cupric chloride. 

We have found it advantageous to control the temperature of the pregnant or cuprous 
chloride solution feed to the electrolytic cells. Increasing temperature increases the electrical 
conductivity of the electrolyte; and enhances the solubility of dissolved salts, both of which 
65 effects are advantageous; however, the vapor pressure of hydrocliloric acid in the electrolyte 130 
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oxygen. The presence of cupric chloride catalyzes the oxidation of ferrous to ferric chioride. 

It has been discovered that the precipitation of excess iron i.e., the equivalent of any iron 
dissolved into the process solution, can be made self regulating by maintaining constant the 
overall inventory of chloride ions in the reaction solution. When the oxidation reaction 

5 re-establishes the original balance of cupric and ferric chloride in the solution, the excess iron 70 
is deprived of chloride ions and precipitates by hydrolysis as basic iron oxide. 

We have also discovered that sulfate ions are concurrently precipitated with the iron whereby 
the sulfate ion concentration in the process solution is limited to an acceptable level, thus also 
contributing to the maintenance of the ion inventory. It has been found that the ratio of 

10 sulfate ions to iron in the combined precipitate is essentially that of the compound: jarosite. 75 
Control of the precipitation capacity for jarosite, wliich has favorable filtering characteristics, 
can be exercised through the dissolution of iron or sulfur into the process solution to maintain 
their balance in approximate accordance with this ratio. In addition, it has been found thai the 
iron precipitate has an advantageous scavenging effect in that other metal impurities are 

15 concurrently precipitated. In the event insufficient iron is dissolved into the process solution SO 
from the ore or from metallic iron used in the reduction stage for the precipitation of 
undesirable amounts of sulfate and other impurities, iron may be added to the process solution. 

It is further noted that the reaction temperature and tlie vapor pressures for the regeneration- 
purge stage influence the results obtained. Increasing temperature tends to increase the reaction 

20 rate, but decreases the solubility of oxygen, which however, is also directly influenced by its S5 
partial pressures. Temperature also influences the physical characteristics of the precipitate 
which determines its filterability for its ultimate removal from the process system. Acceptable 
laboratory results have been obtained at atmospheric pressure and near the boiling temperature 
(about 107°C), with the corresponding reaction time of six hours using oxygen, or twelve hours 

25 using air. Laboratory tests conducted at as high as 60 psig and 130°C, using oxygen for 90 
about 30 minutes reaction time have yielded satisfactory results. Laboratory results have been 
confirmed by pilot plant operations to yield acceptable results at 40 psig and 107°C, with less 
than one hour reaction time using oxygen. 

According to this invention, the oxidation stage, in which the partially reacted solids from 

30 the reduction stage are treated for the maximum dissolution of the copper content, uses the 05 
regenerated cupric chloride-ferric chioride solution from the regeneration-purge stage. If 
separate recovery of the iron precipitate formed in the regeneration-purge stage is desired, only 
the regenerated solution need be advanced to the oxidation stage. In this respect it is evident 
that the potential economic value of the jarositic iron oxide-sulfatc precipitate for use as a soil 

55 conditioner-fertilizer could justify a process step for its separate recovery. However, it has lOO 
also been discovered that the separation of the precipitate may be omitted and the combined 
regenerated solution, including the precipitate, may be added to the oxidation stage without 
impairing the dissolution of the copper, in which event the final insoluble residue from the 
oxidation stage will also include the precipitate formed in the regeneration-purge stage. 

40 Moreover, by introducing iron precipitate into the reduction stage, its s<^venging properties 105 
can be made available to the process solution prior to electrolysis. 

The residue from the. oxidation step consists primarily of elemental sulfur, pyrite and other 
insoluble constituents in the ore concentrate, including any gold if present in the ore concentrate. 
The gold can be recovered from the residue by conventional cyanidation methods, 

45 The residue from the oxidation stage can be separated from the resultant slurry by various 1 1 0 
methods. One method provides for the controlled cooling of the slurry, if required, to below 
the temperature at which the sulfur released from the ore solidijfies, so as to cause the crystal- 
lization of the sulfur into a form that will improve subsequent separation from the solution. 
Tlie solids, including the sulfur, can be separated from the solution by vacuum filtration. If 

50 desired the sulfur can then be separated from the insoluble residue by heating the solids to a 11 5 
temperature at which the sulfur liquefies, followed by filtering. 

Another procedure provides for the high temperature separation of the aqueous soliilion 
from the molten sulfur and the insoluble solids residue. The temperature for gravity separation 
of the phases should be established above the melting point of sulfur (i.e., about IIS'^C) and 

55 safely below the temperature at which a rapid rise in the viscosity of the liquid sulfur occurs 1 20 
(i.e., about 159*'C) to facilitate the decantation of the aqueous solution from the molten sulfur 
and the insoluble residues in a separation device. The molten sulfur, together with the insoluble 
solids residue, is withdrawn from the device, and while still molten the sulfur can be separated 
from the included solids as quality s?rade elemental sulfur. 

60 The important contribution of sodium chloride to increase the solubility of cuprous chloride ] 25 
. in the process solution has been described in the literature. However, in accordance with this 
invention, a more broadly favorable role for sodium chloride in the process has been discovered : 
(1) the desirable effect of sodiuin chloride in retarding secondary reaction which results in the 
loss of copper from solution in the reduction stage; (2) the advantageous effect of sodium 

65 chloride in enhancing the solubilization of copper in the oxidation stage; (3) the retarding 130 
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-5 various steps of the process. Information derived S uu f^^™':^! reactions through the 
continuous operation have revealed fhffiliif - T ^'^^P'^O'^y bench tests and pilot plant on 
process performance: readings m Table I as typical for satisfaSo?? 
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♦Reference electrode: A".A"C1, ''^^ 
25%ToppS?pSJpl5f J^^^^^ concentrates, containing about ,05 

45 IM--^---^^^^^^^^^ 
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rime DisLhed Ox°toSo' ?''''^(^'>" Potemial Residue 

50 ISmins. 977 ^■^■to SO^= Start End y Cu 
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at.mospheric pressure LdnVthebonin^^L"°"?^*^ the oxidation stage conducted at PO 
tabulated below in Table III: ' temperature of about I07=C. Pertinent data are 

60 Reaction y of Cu ^.^^^StEJL 

4 hours 97.8 20 A.Ji-^ -^'^ XCu. 

5 hours 98 7 ,2 t '"^ ^417 mv 1.75 

6 hours 98 9 ,0 ' +^17 mv 1 30 
65 7 hours 99 5 7}. t^li +410 mv o!?? 

4.U -r673 mv -f 402 mv 0 37 r,o 
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it will be noted that the copper dissolution progressively increased from 97.8% to 99.5% as 
the reaction time was extended from four hours to seven hours. The correspondinc oxidation 
of sulfide sulfur to sulfate ions ranged from 2.0% to 4.0%. 

With respect to step A of the reduction stage of this invention, data from laboratory batch 
tests presented in the Table IV illustrate the dramatic eOect of temperature on the reaction 70 
rate. The tests were structured in accordance with the stoichiometric molar balance of Figure 2 
oTJ^^^^'^" copper in the raw copper sulfide concentrate, containins? about 

23 /; copper, principally as chalcopyrite. A simulated oxidation stage discharge solution 
containing about 23 grams of sodium chloride per 100 cc of water in the solution was used. 



TABLE IV 

Oxidation 



80 



85 



90 



Reaction of Copper Potential 

^f^'f' Time Reacted Solubilized Final 

15 143^C 7.5 mins. 49.0 39.5 +297 mv 

^43°C 15.0 mins. 51.1 31.3 -^291 mv 

143°C • 30.0 mins. 50.0 21.5 -f ^95 mv 

}07°C Ihour 48.4 47.3 +346 mv 

10/ C 2 hours 50.5 48.3 +320 mv 

20 107°C 3 hours 47.2 46.1 +320 mv 

XL^ 6 hours 49.4 47.2 +309 mv 

T. . . 18 hours 47.2 30.8 +296 mv 

It will be noted that the expected reaction of 50% of the copper in the feed solids is 
substantially achieved throughout the tests. However, at the elevated temperature, even for the 
shortest reaction time, just 39.5% of the copper was solubilized. This declined to 21,5% for 
30 minutes reaction time. In other words, thougli the desired 50% of the copper in the feed was 
reacted, only 21.5% was solubilized in the solution, indicating a loss of 28 . 5 % of the copper 
from solution. The corresponding oxidation potential of the final reaction solution was 
measured at +295 mv. 

30 In comparison, the results obtained at atmospheric boiling temperature, about 107°C, 95 
illustrate the dramatic improvement in the percent copper solubilized. Extending the reaction 
time from one hour to six hours resulted in only minor losses of copper from solution, as 
. ^^5?f?_^^.^4 by comparing the copper reaction and the copper solubilized. The corresponding 
oxidation potential of the final reaction solution ranged from +346 mv at one hour reaction 

35 time to + 309 mv at six hours. The corresponding cuprous content of the final reaction solution 1 00 
was determined to be about 75% of the total copper content of the solution. Extending the 
reaction time to 18 hours at 107°C dropped the oxidation potential of the reaction solution to 
+296 mv with 30.8 % of the copper solubiUzed, indicating a loss of 16.4% of the copper from 
solution. ' 

40 Data for the oxidation and reduction stages obtained from laboratory ''loop" tests are 105 
presented graphically m Figure 5. Loop tests are cyclic tests in which the four process stages 
of this_ mvcntion are run batchwise, in sequence, with the liquid-solids, separations and 
respective transfers between stages performed in accordance with the process flow of Ficure 3. 
It will be understood that this procedure provides for recvcle and re-use of the process sofutions 

45 in simulation of continuous flow operations. ' j 1 0 

It will be noted that the data presented are for the reduction stage, step A, and the oxidation 
stage, and include the oxidation potential "EH" in + millivolts, and also the hydrogen ion 
potential "pHE" in + millivolts for the discharge solutions. The chemical analyses of these 
solutions, expressed in percent (%), are also presented. The percent copper in the leached 

50 residue is recorded as well as the filtration time as an indication of the filterabilitv of the 1 ! s 
leached slurry. 

The operating conditions for these tests were atmosDneric oressure and near the boiline 
temperature of the process solution (about lOT'C) for both the oxidation and the reduction 
stages. For tests 1 through 18, the regeneration-purge stage was performed with oxygen at 
55 atmospheric pressure and near boiling temperature for six hours; and in tests 19 tlirouch 23, 1 20 
air was used under the same conditions of pressure and temperature for twelve hours. The iron 
precipitate was included with the regenerated solution for use in the oxidation stage, for which 
eight hours reaction time was provided. 
The feed to these tests was copper sulfide flotation concentrates containing, typically 25 % 
60 copper, principally as chalcopyrite. The copper solubilization, based on the residue copper P5 
• analyses, during tests 1 through 18 averaged 99.77 %, with a range from 99.31 % to 99.92 %. The 
; - results for tests 19 through 23 were equally good or better. 

: ■ Data from laboratory tests, structured in general accordance with the stoichiometric molar 
balance of Figure 2, are presented in Table V as indicative of the influence of reaction time, 
65 temperature and pressure on the regeneration-purge stage process. 1 30 



TABLE V 



Oxidation 

Reagent Time 
3 Oxygen 30 mins. 



Reaction 
Temp, 
i30°C 



Press. 
60 psi^ 



10 



15 



20 



Av. 



Oxygen 6 hours 



107^C 



Atmos. 



Air 



12 hours 



lore 



Atmos. 



Av. 



f^r^ . ^^^^ precipitation to i 
EH of 600 -^mv = 53 Fe + -*- + : 1 Fe+- 



Av. 



Final Solution 


EH p HE Iron 


-rmv -i-mv Precipitation* 


576 


389 


1.09 


611 


422 


1.02 


626 


391 


1.06 






1 AA 

1.00 


610 


398 


1.04 


596 


402 


1.02 


606 


390 


1.08 


610 


396 


1.05 


595 


399 


0.997 


625 


405 


1.03 


612 


403 


1.00 


607 


400 


1.03 


580 


421 


1.02 


595 


404 


0.85 


588 


413 


0.94 
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inv15t1ot"u1dS?onLt^^^^ - accordance with this 

conducted at 40 psig aTaf I40°C Sh a v^ur^etr f ^ ^'^^ ^"^^ "nidation stage 

in Figures 14. through 20 for a p^S of J^LTayT °" °^ P«»°t«* 

40 siiver^S'Ko^^^^ Anlw?o?tf precipitation of 

indicated copper piSr coS in xce?Sf O^FtL^'?^^^^^^^^^ "^^^ P^"°ds 

otixer than silver amounted to less than o f °/ indicating that contaminants 



45 



50 



^5 



60 



65 



pla^'oS?n"ofttfpS^^^^ 
free of mechanical and SSLSndnL nrSf, '"^^ntion^ when the operation was relatively 
include the target levels denSd ^'''""'^^ ^^^^ ^^^rts 

It will be evident from the for?onll ' established for process control purposes. • 

requires no scteduled ad^^^^^^^ ^^'^^T^t^^ °f P^cess technically 

practically, the inventory S rcTui°ed r^S^^^ a.r/oxygen and water. However, 

compensation for vapor^r^XlSf vrpoMo'sSrSct h'eM t?."""^""'' 
reflux condensers. temoemturf^oXorlf L^^ll^^"""'??"? 



y '"-i'v^ v/i auiULiun losses. VaDOr iOSS'=^<> TRnV 

car. bs controlled ""l''' '''!=''»'-S=!' ™ tl» process. This 
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(3) an electrolysis stage in wliich metallic copper is recovered and cupric chloride is 
regenerated by electrolysis of the cuprous chloride solution from the reduction stage 
and 

(4) a regeneration-purge stage separate from the reduction and electrolysis stage in which 

5 the ferrous chloride in the solution from the electrolysis stage is reacted with oxygen 70 

in the presence of the regenerated cupric chloride to regenerate the ferric chloride 
required m the oxidation stage and to precipitate, by hydrolysis, compounds including 
those having the iron-sulfate ratios of jarosite to thereby remove excess iron as well 
as sulfate ions and other impurities present in the solution. 
10 2. The process of claim 1, wherein cupric chloride in the reduction stage is reduced to 75 
cuprous chloride by reaction with copper-containing materials, such as copper sulfide ore 
concentrates. 

3. The process of claim 1 or 2, wherein the oxidation stage is conducted on materials which 
include copper sulfide ore concentrates previously reacted with cupric chloride in the reduction 

15 stage, such as copper-iron sulfide ore or chalcopyritc ore concentrates. 80 

4. The process of claim 1, 2 or 3, wherein a saline metal chloride selected from sodium 
chloride, potassium chloride, magnesium chloride or mixtures thereof, is maintained present 
m the solution throughout the process in a concentration sufficient to avoid precipitation of 
any cuprous chloride in the solution. 

20 5. The process of any one of claims 1 to 4, wherein sodium chloride is maintained in the 85 

solution throughout the process in a concentration near the maximum permitted by its 

solubility in the solution. 
6. The process of any one of claims I to 5, wherein the reaction temperature in the oxidation 

stage is maintained at about 107°C 
25 7. The process of claim 3, wherein the oxidation stage is closed to the atmosphere to 90 

minimize the loss of chloride vapor. 

8. The process of any one of claims 1 to 5, wherein the reaction temperature in the oxidation 
stage is maintained above the melting point of sulfur and below the temperature at which the 
viscosity of sulfur rises rapidly, in order to accelerate the reaction rate to produce a reaction 

30 slurry containing sulfur released from the sulfide ore concentrates substantially in elemental 95 
form. 

9. The process of any one of claims 1 to 5, wherein the reaction temperature in the oxidation 
stage is maintained in the range from I07''C to I59°C. 

10. The process of claim 9, wherein the reaction temperature in the oxidation stage is 

35 maintained at about 140°C. IqO 

11. The process of claim 8, wherein the sulfur in the finally reacted slurry of the oxidation 
stage is crystallized by cooling the slurry to a temperature below the melting point of sulfur so 
as to cause crystallization of the sulfur into a form that will improve the subsequent liquid- 
solids separation. 

40 12. The process of claim 8, wherein the finally reacted slurry of the oxidation stage is 1 05 
subjected to a phase separation, said phase separation comprising separating the aqueous 
solution which includes the cupric chloride, from the molten sulfur and the insoluble residues, 
and thereafter further separating the insoluble residues from the molten sulfur for the ultimate 
recovery of elemental sulfur. 

45 13. The process of any one of claims 1 to 12, wherein the cupric chloride is substantially 1 10 
reduced to cuprous chloride by reaction with fresh chaicopyrite ore concentrates. 

14. The process of claim 1 or 2, wherein the substantially reduced cupric chloride solution 
is further reacted with a reducing material selected from metallic iron, sodium sulfite, sulfur 
dioxide or materials containing metallic copper and mixtures thereof in an amount required to 

50 reduce essentially all the cupric chloride to cuprous chloride. 115 

15. The process of claim 13, wherein the reduction sta<^e is conducted with the reaction 
temperature maintained ax about I07^C, with said reduction reaction being closed to the 
atmosphere to minimize the loss of chloride vapor, whereby substantial reduction of the 
cupric chloride to cuprous chloride is achieved with minimal loss of copper from the solution. 

55 16. The process of any one of claims 1 to 15, wherein the cuprous chloride solution is 12O 
electrolyzed at a temperature in the range between 30''C and 60°C. 

17. The process of claim 16, wherein the metallic copper produced at the cathodes is not 
more than about one-half of the cuprous copper in the cuprous chloride solution feed tolthe • 
electrolytic cells, thus providing for the oxidation of the remaining cuprous copper to cupric 

60 chloride, and avoiding tlie oxidation of ferrous chloride to ferric cliloride. . 1 25 

1 8. The process of any one of claims 1 to 1 7, wherein the solution in contact with the anodes " 
. in the electrolytic cells is maintained physically separated from the solution in contact with the 

cathodes by means providing maximal resistance to hydraulic flow together with minimal • 
electrical resistance, and in which each said solution is mixed to maintain homogenuity. 
65 19. The process of any one of claims 1 to 18, wherein reaction with oxygen in the .130 
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fntfa sZion^coifr-^ first.stcp (a) in which said concentratef are introduced 
P^nof f cupnc chloride to solubilize part of the copper in said 

chrnH^''' •L^'^ '° '^'^"^^^ °f cupric chloride in said solution to cunrois 
^S^'-'^'^i^Pf^^'^" °f '^"'^^ f^o"" the solution and a second sep (b) in whiS the 
solubon IS reacted with the materials containing metallic coppeAo Teduc^^eSalW 
Sri? '^"P™ 'Chloride in said solution to cuprous cWorkil with Sn- 

t l ^ solubilization of the reacted metallic copper in the E of cumousS^ 
^ ^ nrnH^^r 'T^^'^ ^^^e in which the cuprous cWoride sSSon f"?SrotSd to 

^/^generation-purge stage in which the ferrous chloride in the solution from the 

wppcr in me solids m the form of cupric chJoride, and recvcHnff the <!nliif-5nn 
contaimng cupric chloride to the reduction stage recycling the soluUon 

^wT^T^^I u fWonde and cupric chloride, using a molar ratio of the ferHc 
lOrctli 1^9=0 fofS ^ *^.°»f least /to 1, at atemperi t^^^^^ 
of the c^oneriSw period of time as to achieve substantial solubiUzation 

?wS?c£^LTf^^?chtrid\r^^^^^ thereby forming a solution containing cupric 1 05 
frnSt?^?( t reduction stap, partially reducing the curpic chloride in the solution 
Sfn^ f^P >y '^^'^^.'^^ '^'th materials containing principally freshcSconS ore 
45 f3) ""^"''^ *° atmosphere at about I??^;^^'*' 

^ r^H^!^P ^ ^ °^ f ''^ reduction stage, contacting the solution from st-p (2^ with metal 
reducing agents sela:ted from the class conSsting of metJlic^opp^r mScTor^ 

to"'c?^rufcS"tJSv^^^^ 
^ ^ cuprr^WcjKd f^^oi'cte ' '''' «>"^^™"8 
f^d'soSl'on^tn ^l^^trolyzing in electrolytic cells the cuprous chloride in the 

SenerT^unrfcchW^^^^^^ T^^'' '^^thode compartment and to 

r'i^ fn'o F '^'^oride m the anode compartment: and 

" ^ o^'Jation stage, oxidizing partially reacted copper sulfide ore concentrates in 

• Swa'iL'S^''^" sodium chloride, at a temperature above theTe^pS 
i.^ t l ■ ^"'^"r released from the ore 1 qiiefies and below the temneratt^e ' 

65 t«°- to solubilize substantially all the copper from Sfo^^^^^^ ,30 



95 



100 



10 



115 



13 



1,407,215 



13 



slurry containing solids, sulfur, cupric chloride, ferrous chloride, and sodium 
chloride; 

(2) in the oxidation stage, separating the sulfur and the solids in the slurry formed in 30 
step (I) from the solution containing cupric chloride, ferrous chloride and sodium 

5 chloride; 

(3) in step (a) of a reduction stage, partially reducing the cupric chloride in the solution 
from step (2) by reaction with fresh copper sulfide ore concentrates in containers 
essentially closed to the atmosphere at about 107°C, thereby forming a slurry con- 35 
laining partially reacted copper sulfide' ore concentrates, ferrous chloride, sodium 

1 0 chloride, cuprous chloride and cupric chloride ; 

(4) in the reduction stage, separating from the slurry formed in step (3) the solution 
containing ferrous chloride, sodium chloride, cuprous chloride and cupric chloride, 

and transferring the remaining partially reacted copper sulfide ore concentrates to 40 
step(l); 

15 (5) in step (b) of the reduction stage, reducing essentially all the remaining cupric 
chloride in the solution from step (4) with cement copper to form feed solution for 
electrolysis containing ferrous chloride, sodium chloride and cuprous chloride; 

(6) in an electrolysis stage, electrolyzing in electrolytic cells at a temperature between 45 
30**C and 60*C the cuprous chloride in the feed solution to produce metallic copper at 

20 the cathodes and to regenerate cupric chloride at the anodes ; and 

(7) in a regeneration-purge stage, reacting with oxygen the spent electrolyte in the 
presence of the regenerated cupric chloride to regenerate ferric chloride for use in 
step (1) and to precipitate by hydrolysis excess iron as well as sulfate ions and other 50 
contaminants from the solution. 

25 27. A hydrometallurgical process for the production of metallic copper wherein there is 
provided a cyclic system capable of steady state operation as herein described with reference 
to the examples and the drawings. 

Agents for the Applicants: 

LANGNER PARRY, 
Chartered Patent Agents, 
59-62 High Holborn, 
London WCIV 6EJ. 
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